A highly efficient, mild, and simple protocol is presented for the oxidative aromatization of Hantzsch 1, 4-dihydropyridines using the combination of Dess-Martin periodinane with molecular iodine or KBr. The in situ generated acetyl hypoiodite or bromite formed due to the reaction between Dess-Martin periodinane and molecular iodine or KBr respectively is supposed to be the responsible species for bringing about the oxidative aromatization of 1, 4-dihydropyridines.
Introduction
Hantzsch 1,4-dihydropyridine (DHP) structural subunit is contained in a growing number of both natural products and synthetic compounds with wide range of biological properties.
1 For example, the 1,4-DHP derived drugs such as nefidine, nitrendipine, and nimodipine are frequently used as cardiovascular agents (Ca 2+ channel blockers) for the treatment of hypertension and angina pectoris diseases. 2 This important class of calcium channel antagonists relaxes the cardiac muscle by decreasing the transmembrane calcium current on binding. 3 The metabolism of these drugs involves an oxidative aromatization of 1, 4-DHP nucleus to the corresponding pyridine derivatives, which is catalyzed in the liver by cytochrome P-450. 4 The pyridine derivatives are then further metabolized leading to the cleavage of the ester groups. In this respect, a convenient preparation of pyridines from 1, 4-DHPs is important for the identification of metabolites. 5 Furthermore, the oxidation of Hantzsch 1, 4-DHPs provides an easy access to the symmetrically substituted pyridine derivatives. 
Results and Discussion
A set of experiments was carried out first to define a standard procedure for this oxidation using the 1, 4-DHP 1a (R = C 6 H 5 -) as a model substrate. The reaction of 1a (1 mmol) with DMP (1 mmol) in CH 2 Cl 2 (10 mL) at room temperature stirring as well as under reflux conditions for 12 hrs did not produce the oxidation product 2a in appreciable yield. Thus in contrast to trivalent iodine reagents 15 , DMP as such alone is insufficient to produce oxidative aromatization of 1, 4-DHP. Therefore, we decided to examine its activation with molecular iodine or KBr for the oxidative aromatization of 1,4-DHPs
19
. When DMP (1 mmol) was added to a stirred solution of 1a (1 mmol) and molecular iodine (1 mmol) in CH 2 Cl 2 (10 mL), the brown color of iodine immediately disappeared and after the usual work-up procedure, the formation of oxidation product 2a took place in 91 % yield. Having succeeded with the combination of DMP and molecular iodine, we then examined the reaction of 1a (1 mmol) with DMP (1 mmol) and KBr (1 mmol) in CH 3 CN (10 mL) at room temperature stirring for 4 hrs. KBr is insoluble in CH 2 Cl 2 and therefore, we attempted the reaction of 1a with DMP/KBr in CH 3 CN. To our delight, oxidation of 1a to 2a again occurred smoothly in 81 % yield. Thus, DMP in combination with I 2 or KBr smoothly oxidizes 1, 4-DHP to the corresponding pyridine derivatives under almost neutral conditions. 
Scheme 2
The tentative mechanism of the reaction is depicted in Scheme 2. The reaction of molecular iodine with DMP will generate acetyl hypoiodite 4. Similarly, the ligand exchange reaction of DMP with one equivalent of KBr will form the putative intermediate 6 involving I-Br bond formation. The overwhelming tendency of the intermediate 6 for the reductive elimination around coordination sphere of iodine will generate acetyl hypobromite 7 which is an active source of electrophilic bromine. 19 Hantzsch 1, 4-DHP 1 will then react with electrophilic acetyl hypoiodite or hypobromite to form the intermediate 8 involving N-X (X = I or Br) bond formation. Finally, the concomitant oxidative aromatization of 8 will take place by the elimination of hydrogen at 4-position to form the product 2. Yields refer to isolated pure products.
To establish the generality of this method, various alkyl, aryl, and heterocyclic Hantzsch 1, 4-DHP were oxidized under the above reaction conditions and the results are summarized in Table  1 . It follows from Table 1 that both electron donating and electron withdrawing substituents on the 1, 4-DHPs afforded the corresponding pyridine derivatives in good to excellent yields. The structures of all the products were confirmed from melting points and spectroscopic data. In the cases of alkyl substituents such as n-butyl and benzyl (Table 1 , entries 1i and 1j) at the 4-position of 1, 4-DHP, the oxidative aromatization smoothly took place without the formation of any 4-dealkylated product. In general, the combination of DMP with molecular iodine was found to be better than with KBr in terms of the higher yields and lesser reaction time for the oxidative aromatization of 1, 4-DHP. This is attributed to the more oxidation potential of iodonium ion compared to bromonium ion. The reaction time for oxidative aromatization of all 1, 4-DHPs with DMP / I 2 is, therefore, typically less than one hour.
Conclusions
In conclusion, a transition metal free oxidative aromatization of Hantzsch 1,4-DHPs was achieved efficiently under almost neutral conditions, by using DMP in combination with molecular iodine or KBr. The mild reaction conditions, no dealkylation at the 4-position of 1,4-DHPs, short reaction time, and easy work-up procedure are some of the important features of the reaction. Extension of this method to the preparation of other heterocyclic compounds is under way in this laboratory.
Experimental Section
General Procedures. Melting points are uncorrected. IR spectra were recorded on a PerkinElmer FTIR-1710 spectrophotometer.
1 HNMR spectra were recorded at 400 MHz in CDCl 3 using TMS as internal standard. Dess-Martin periodinane was purchased from was purchased from Spectrochem.
General procedure for oxidative aromatization of 1,4-DHP using DMP and molecular iodine To a magnetically stirred mixture of 1, 4-dihydropyridine (1 mmol) and iodine (1 mmol) in 15 mL of CH 2 Cl 2 , DMP (1 mmol) was added. The resulting reaction mixture was stirred for the period of time as shown in Table 1 . After ascertaining the completion of the reaction by TLC, the reaction mixture was treated with sodium thiosulphate and sodium bicarbonate (10 % each). The reaction mixture was then extracted with CH 2 Cl 2 (15 mL x 2).The combined organic layer was dried using anhydrous sodium sulphate and the solvent was distilled. The product was purified by short silica gel column using the mixture of petroleum ether and ethyl acetate (9:1) to afford the corresponding pyridine derivatives.
General Procedure for oxidative aromatization of 1,4-DHP using DMP and KBr To a magnetically stirred solution of the 1, 4-dihydropyridine (1 mmol) and KBr (1 mmol) in CH 3 CN (10 mL), DMP (1 mmol) was added at room temperature. The reaction mixture was stirred for the time as indicated in Table 1 . TLC monitored the progress of the reaction. After the completion of the reaction, water (10 mL) was added, extracted with CH 2 Cl 2 (2 x 10 mL) and dried over anhydrous sodium sulphate. The solvent was removed under reduced pressure and the residue was purified by column chromatography over silica gel to furnish the corresponding pyridine derivatives. All the products are known in the literature and the corresponding reference of the same is mentioned in Table 1 . However, the selected spectral data of few products are given below. 3084, 2985, 2935, 1734, 1716, 1558, 1236, 1047, 860, 738 cm -1 . LCMS (M + 1): m/z = 373.
